[Resistance to quinolones and beta-lactams in Salmonella enterica due to mutations in topoisomerase-encoding genes, altered cell permeability and expression of an active efflux system].
The mechanisms of resistance to fluoroquinolones and beta-lactams were studied in isolates of Salmonella enterica resistant to both antimicrobial groups, isolated over time from two patients treated with fluoroquinolones. The clonal relationships among the various strains was established by serotyping and pulsed-field gel electrophoresis. MICs for beta-lactams, quinolones, chloramphenicol and tetracycline were determined. Presence of beta-lactamases was ruled out by a colorimetric assay. Quinolone resistance-determining regions of the gyrA, gyrB, parC, and parE genes were sequenced, and the relevance of the mutations in these regions was evaluated by complementation assays. Outer membrane protein profiles, the effect of phenylalanyl-arginyl-naphthylamide (PAN, 20 mg/l) on the MICs of several quinolones, and norfloxacin accumulation in the absence and in the presence of a metabolic inhibitor were also determined. The following mutations were found: gyrA (Asp87 --> Gly; Ser83 --> Phe; Asp87 --> Lys), gyrB (Ser463 --> Phe) and parC (Glu84 --> Gly). Altered outer membrane protein profiles, including decreased expression of a porin equivalent to OmpF from Escherichia coli was observed. Active efflux of norfloxacin was proved in both a clinical isolate and a mutant obtained in vitro. In the presence of PAN, nalidixic acid MICs decreased 4-32 times (except in one strain), pefloxacin MICs decreased 4-16 times for 5 out of 9 evaluated strains, and MICs of both norfloxacin and ciprofloxacin did not change or changed within a single dilution step. Quinolone-resistance is the consequence of a combination of mutations in topoisomerase-encoding genes, altered permeability and active efflux. Altered permeability and active efflux would also contribute to decreased susceptibility to beta-lactams.